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THE aim of this investigation was to find a method of accurately and scientifi-
cally describing smells. Sounds and colours can be accurately described by
the frequencies of the vibrations of which they are composed, but no such
method has yet been discovered for describing smells, and the best that can
be done at present is to say that there is some kind of resemblance between
the smells of certain substances though at the same time it is generally felt
that such a description is very unsatisfactory and incorrect. Not only is it
impossible to describe any smell satisfactorily but there is at present no
criterion as to whether a smell is simple or complex. It is true we can some-
times detect more than one substance in a mixture by the smell but we are
generally helped in such an analysis by the different volatility of the different
constituents of the mixture, and in fact such analysis is very uncertain and
liable to error.
The problem is difficult, because, so far as is known at present, smell is
not due to any kind of vibration such as the air vibrations causing sound or
the ether vibrations causing light. The fact that most and probably all
odorous substances are volatile and that no odorous substance can be detected
by its smell when enclosed in an air-tight receptacle made of any ordinary
material has led to the general belief that contact between the odorous sub-
stance and the olfactory organ is necessary to cause the sensation of smell.
At any rate temporarily the author has assumed that smell is due to chemical
or physical reaction between the odorous substance and the olfactory organ.
It is well known that certain odorous substances react chemically with
proteins, e.g. the halogens, nitrous fumes, hydrochloric acid, formaldehyde.
And as the olfactory organ is undoubtedly composed chiefly of proteins it
seemed worth while first to see whether any chemical reaction could be
detected between proteins and odorous substances in general. The method
used by Bugarsky and Liebermann [1898] to prove chemical reaction
between non-coagulated white of egg and hydrochloric acid seemed specially
suitable. These investigators showed that the addition of egg-white to
aqueous hydrochloric acid caused an elevation of the freezing-point, pointing
to a decrease of the number of hydrochloric acid molecules in the solution.
A similar experiment was therefore tried by the present investigator with
aqueous ethyl acetate solution and white of egg but no elevation of the
freezing point was observed. An experiment was also tried by shaking solid
egg-albumin (Merck's) with aqueous ethyl acetate to see whether the amount
of ethyl acetate was reduced. But the egg-albumin, although not readily
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soluble in water, was sufficiently soluble to make filtration very difficult.
The experiment was therefore modified by using alcoholic solutions of various
odorous substances, shaking them up with egg-albumin and ascertaining
whether the amount of odorous substance in solution had decreased. At any
rate it was expected that acids and bases would react with the egg-albumin.
A decrease was observed in the case of hydrochloric acid but none in the case
of ethyl acetate, acetic acid, pyridine or citronellal. It is obvious, therefore,
that under these circumstances there is no chemical reaction between several
typical odorous substances and the typical protein, egg-albumin.
In looking round for a physical reaction between odorous substances and
the olfactory organ which might be the cause of smell the author was struck
by the parallel between intensity of smell and depression of the surface tension
of the aqueous solutions of various organic substances investigated by Traube.
Physiologists give much attention to the problem of how chemical substances
can enter the living cell, for it is obvious that no reaction can take place with
the cell-substance unless entry can be obtained into the cell. Surface tension
and adsorption are likely to play an important part in bringing substances
into contact with the living cell, and it was therefore very interesting to
notice in Traube's results that the strongest smelling substances produced
the greatest depression of the surface tension in aqueous solutions.
But before much progress could be made in detecting a parallel between
smell and depression of surface tension it was necessary to find a method of
measuring the intensity of smell, and this seemed likely to be a very difficult
matter as common experience seems to indicate that different animals have
very different sensibilities as regards smells. Dogs by their sense of smell
can obviously detect things which are quite inodorous to human beings, and
one human being seems to have a much keener sense of smell than another.
Moreover it seemed likely that the intensity of smell of a substance would
depend among other things on its vapour pressure. Practical psychologists
describe an instrument in which air is inhaled by the nostrils over a definite
area of filter-paper surface moistened by a solution of the substance to be
tested. But before experimenting with this instrument the simpler plan was
tried of making aqueous solutions of different strengths of the substance to be
tested and ascertaining the minimum strength of solution in which the sub-
stance could be detected by smelling the solution contained in an ordinary
bottle at the ordinary temperature. Almost contrary to expectation it was
found that consistent results could be obtained in this way, and that several
persons obtained practically the same results. Details are given in the experi-
mental part.
These determinations of the intensity of the odour of the substances
examined by Traube confirmed the conclusion previously suspected, viz. that
those substances had the strongest smell which produced the greatest depression
of the surface tension in aqueous solution. The intensity of odour and also-
the surface tension of aqueous solutions of additional substances were deter-
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mined, especially of essential oils and other substances well known for their
strong odours, and with a few exceptions the above rule was found to hold.
The constituents of the well-known perfumes, e.g. citral and geraniol, produced
a very great depression of the surface tension. Out of 22 substances examined
it was found that 17 would be arranged in exactly the same order whether
they were arranged according to increasing depression of surface tension or
increasing intensity of odour. The list is as follows: formic acid, methyl
alcohol, acetic acid, ethyl alcohol, propionic acid, methyl acetate, methyl-
amine, phenol, ethyl acetate, butyric acid, iso-amyl alcohol, quinoline,
cinnamic aldehyde, citral, allyl sulphide, geraniol. The most noteworthy
exceptions were ammonia, pyridine and ethyl mercaptan which did not depress
the surface tension to the extent anticipated from their powerful odours.
The method used for the determination of surface tension was of the
simplest character and it is well known that such determinations are liable
to large experimental errors. Rather than spend more time on eliminating
possible errors in surface tension determinations it was decided to make some
determinations of adsorption. According to theory adsorption should run
parallel with surface tension and it is obvious that from the point of view of
contact of the odorous substance with the olfactory organ we are more
interested in adsorption than in depression of surface tension which was
merely used as an index of adsorption.
Arranged according to adsorption from aqueous solution by animal char-
coal two of the exceptions above noted disappear, viz. pyridine and ethyl
mercaptan, which have adsorptions in keeping with the intensity of their
odours.
Aranged according to Arranged according to Arranged according to
depression of surface tension adsorption by charcoal intensity of odour
Ammonia Ammonia Formic acid
Formic acid Formic acid Acetic acid
Acetic acid Acetic acid Propionic acid
Ethyl mercaptan Propionic acid Ammonia
Pyridine Pyridine Butyric acid
Propionic acid Butyric acid Pyridine
Butyric acid Ethyl mercaptan Ethyl mercaptan
Citral Citral
We may therefore enunciate the general rule that those substances have
the strongest smell which are most readily adsorbed from aqueous solution.
It was thought that by replacing animal charcoal by a protein we might
obtain a closer approach to the olfactory organ. Some experiments on ad-
sorption by wool from aqueous solutions were tried but did not lead to any
result of interest.
Although, apparently, no progress has been made in solving the problem
outlined at the beginning of this paper, it is interesting to have found a
connection between smell and physical properties capable of exact measure-
ment, and it does not seem too much to hope that it may prove a first step
in solving the problem which the author has set before him.
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EXPERIMENTAL.
Determination of the minimum concentration of aqueous solution in
which odorous substances can be detected by smell.
The solutions were all placed in similar bottles which were stoppered and
shaken just before they were smelt by bringing the nose close to the mouth
of the bottle. In order to avoid fatigue the more dilute solutions were pre-
sented to the observer before the more concentrated ones and in order to
avoid the influence of suggestion he was not told what solutions were being
presented to him. The results obtained by the author, two Indian colleagues
(Dr A. C. Sircar and Babu S. C. Ganguli) and one Indian student (Babu J. K.
Mazumdar) are recorded. It was more difficult to obtain consistent results
with the fatty acids than with the other substances examined.
The substances are arranged in order of increasing intensity of odour.
Percentage strength in which detected by
,~~~~~K
Substance
Formic acid
Acetic acid
Propionic acid.
Aniline
Methyl alcohol ..
Ethyl alcohol
Methyl acetate
Chloroform ...
Butyric acid
Ammonia ... ...
Methylamine
Ethyl acetate
Phenol ... ...
Pyridine ... ...
Quinoline
Isoamyl alcohol
Cinnamic aldehyde
Nitrobenzene
Ethyl mercaptan
Citral
Geraniol ...
Allyl sulphide
Phenyl isocyanide
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0-1
0-1 (0-3)
1 (01)
0.1
0.1 (0O01?)
0.1
0.1
0.01
0.01
0-01
0.01
0.001
0-001
0.001
0-001
0-0001
0-0001
0.0001
0.00001
S. C. G.
1
1 (0-1)
1 (0 03)
0.1
0-1
0*03
0.1
0-1 (0.003)
0-01
0.01
<0X001
0X001
0X001
0.0001
0-0001
J. K. M.
1
0.1
0X3
0-01
0-1
0.1
0.1 (?)
0-01
0.001
A. C. S.
0-01
0.0001
Determination of surface tension of aqueous solutions of odorous substances.
This was done by observing the rise of the solution in a capillary tube.
In the following list the substances examined are arranged according to
effect on surface tension, those having least effect being placed first:
1. Ammonia
2. Formic acid
3. Methyl alcohol
4. Acetic acid
5 and Ethyl mercaptan
6. 1 Ethyl alcohol
7. Pyridine
8. Propionic acid
9. Methyl acetate
10 11 (Methylamine
and 12: Phenol
,Aniline
13. Nitrobenzene
14. Ethyl acetate
15. Butyric acid
16. Phenyl isocyanide
17. Isoamyl alcohol
18. Quinoline
19, 20, Allyl sulphide
and 21. CitralCinnamic aldehyde
22. Geraniol
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Adsorption from aqieous solution by animal charcoal.
The determination was efasy for acids and -ba which- can- readily be
estimated by titration. An approximately normal solution (50 cc.) was shaken
with 2 g. animal charcoal (Merok's, washed and dried) and allowed to stand
with occasional shaking over two nights, then filtered and titrated. Similarly
100 cc. of an approximately decinormal solution were shaken with 1 g. animal
charcoal.
Titration value (in cc. N soln.) of 10 cc.
Substance Original solution Final solution
Formic acid 21-7 x 0939 19 9 x 0 939
17*7 x 0-1108 16*1 x 0-1108
Acetic acid 16-8 x 0 939 14-9 x 0939
13*3 x 01108 1155 x 0-1108
Propionic acid 12-3 x 0 939 10-25 x 0939
10*3 x 0-1108 8.15 x 041108
Butyric acid 8X7 x 0 939 6-6 x 0-939
6*65 x 01108 4.35 x 041108
Ammonia 12-4 x 1-036 11X4 x 1X036
12X3 x 0-11036 11*35 x 0-11036
Pyridine 9.7 x 1-036 7-6 x 1-036
10-3 x 0 11036 7.3 x 0411036
Citral. It was found that citral in very dilute aqueous solution such as
required for these experiments could be estimated by extracting with ether
and titrating the ethereal extract with Hiibl's solution.
A solution of 0 3555 g. citral in 1 litre of water was shaken with 10 g.
animal charcoal and allowed to stand for 24 hours. The smell of citral had
entirely disappeared, so that concentration had been reduced to less than
0.000001.
A solution of 0*4 cc. citral dissolved in 1 litre was shaken with 2 g. charcoal
and allowed to stand for 24 hours. The smell had almost entirely disappeared.
An estimation gave the approximate results:
Concentration in water = 0x00000256
charcoal = 0*1782
For the same concentration of butyric acid in charcoal we can calculate:
Concentration in water = 0*00201
,, charcoal = 0.1782
So that the adsorption of the citral is very much greater.
Ethyl mercaptan. An attempt was made to estimate ethyl mercaptan in
aqueous solution by precipitating with lead acetate, filtering off, washing
and weighing the lead mercaptide. It was not very satisfactory owing to the
solubility of lead mercaptide.
Ethyl mercaptan (2 cc.) was dissolved iia 250 cc. water.
(a) 40 cc. of this solution precipitated with 1 g. lead acetate dissolved in
15 cc. water; precipitate filtered off and washed with a measured quantity
of water, 10 cc. at a time = 0-2800 g. (corresponds to 0-1055 mercaptan).
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(b) 10 cc. of mercaptan solution diluted to 40 cc. and treated with 1 g.
lead acetate solution, etc., exactly as above, using same quantity of wash
water; lead mercaptide obtained = 0-0472 g.
(c) 50 cc. of mercaptan solution was shaken with 0.1 g. animal charcoal
filtered and 40 cc. of filtrate treated exactly as above; lead mercaptide
obtained = 0x0463 g.
(d) 50 cc. of mercaptan solution was shaken with 0 5 g. animal charcoal,
filtered and 40 cc. filtrate treated exactly as above; lead mercaptide obtained
- 00122 g.
Although the method of estimating mercaptan is unsatisfactory we can
safely say that 40 cc. of the filtrate from (c) contained about the same quantity
of mercaptan as 10 cc. of the original solution, so that
Concentration in water = 0*00166
charcoal = 2*502
From these data we can arrange the substances according to their adsorp-
tion by animal charcoal, those which are most adsorbed being placed last in
the list: ammonia, formic acid, acetic acid, propionic acid, pyridine and
butyric acid (bracketed together), ethyl mercaptan and citral (bracketed
together).
The work described in the paper was carried out in the second half of
1919.
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